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DESCRIPTION 



METHOD FOR PRODUCING SOLID ELECTROLYTIC CAPACITOR 

[ 0 0 0 1 ] 
TECHNICAL FIELD 

The present invention relates to a production 
method for a solid electrolytic capacitor which includes 
an anode foil and a cathode foil rolled together. 

[ 0 0 0 2 ] 
BACKGROUND ART 

Fig. 2 is a sectional front view of a prior art 
solid electrolytic capacitor 1 , andFig. 1 is a perspective 
view of a prior art capacitor element 2 (see, for example, 
Japanese Examined Patent Publication No. HEI4-19695 
( 1992 ) ) . 

The solid electrolytic capacitor 1 includes an 
aluminum case 3 having a top opening , the capacitor element 
2 contained in the case 3, and a rubber packing 30 which 
seals the opening of the case 3. An upper edge portion 
of the case 3 is curved to fix the packing 30 , and a plastic 
seat plate 31 is attached to the top of the case 3. Lead 
wires 21, 21 extend from the capacitor element 2 through 
the packing 30 and the seat plate 31, and then bent 



laterally . 



[ 0 0 0 3 ] 
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As shown in Fig. 1 , the capacitor element 2 includes 
an anode foil 4 of an aluminum foil coated with a dielectric 
oxide film and a cathode foil 5 of an aluminum foil, which 
are rolled together into a roll with a separator 6 of 
an insulative material such as paper interposed 
therebetween. The capacitor element 2 includes an 
electrically conductive polymer layer provided therein. 
Lead tabs 25, 25 respectively extend from the anode foil 
4 and the cathode foil 5, and the lead wires 21, 21 
respectively extend from the lead tabs 25, 25. 

A process for forming the electrically conductive 
polymer layer in the capacitor element 2 will be described 
below. First, a polymer material of thiophene is 
dissolved in an alcohol solvent such as ethyl alcohol, 
and an oxidizing agent such as a metal salt is added to 
the resulting solution. Then, the capacitor element 2 
is immersed in the solution, followed by thermal 
polymerization at a temperature ranging from a room 
temperature to about 300° C. Thus, the electrically 
conductive polymer layer is formed in the capacitor 
element 2 . 
[ 0 0 0 4] 

Cations in the oxidizing agent are incorporated 
as a dopant in the polymeric structure of the polymer 
layer to generate positive holes in the polymer layer. 
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so that the polymer is imparted with the electrical 
conductivity. Although the solid electrolytic 
capacitor employing polythiophene as the electrically 
conductive polymer is well known (see, for example, 
Japanese Unexamined Patent Publication No. HEI2-15611 
(1990)), pyrrole or aniline may be used as the polymer 
material. It is also known that 

polyethylenedioxythiophene is employed as an electrolyte 
and iron(III) p- toluenesulf onate is employed as the 
oxidizing agent (see, for example, Japanese Unexamined 
Patent Publication No. HEI9-293639 (1997)). The 
polymerization speed for polyethylenedioxythiophene is 
moderate, so that an electrolyte layer can be uniformly 
formed from the electrically conductive polymer in the 
capacitor element 2. 
[ 0 0 0 5 ] 

There is a market demand for reduction of ESR 
(equivalent series resistance) of the capacitor of this 
type. The capacitor which employs 

polyethylenedioxythiophene as the electrolyte is 
conventionally used, but does not have ESR 
characteristics satisfying the market demand. Further, 
the capacitor 1 of this type has great variations in 
capacitance and life test results. This is supposedly 
because the electrolyte layer is not sufficiently densely 
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and uniformly dispersed in the capacitor element 2 . 

[ 0 0 0 6 ] 
DISCLOSURE OF THE INVENTION 

It is therefore an object of the present invention 
to provide a capacitor which has a lower ESR. 

A production method for a solid electrolytic 
capacitor comprises the steps of mixing a metal 
alkoxybenzenesulf onate and/or a metal alkylsulf onate as 
an oxidizing agent and an electrically conductive polymer 
in a solvent, immersing a capacitor element 2 in the 
resulting mixture solution, and forming an electrically 
conductive polymer layer in the capacitor element 2 by 
thermal polymerization . 

[ 0 0 0 7 ] 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig . 1 is a perspective view of a prior art capacitor 
element; and 

Fig. 2 is a sectional front view of a prior art 
solid electrolytic capacitor. 
[ 0 0 0 8 ] 

BEST MODE FOR CARRYING OUT THE INVENTION 

One embodiment of the present invention will 
hereinafter be described in detail with reference to the 
attached drawings . 

A solid electrolytic capacitor 1 has substantially 
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the same overall construction as the prior art capacitor 
shown in Fig. 2. As shown in Fig. 1, a capacitor element 
2 includes an anode foil 4 of an aluminum foil having 
an electrochemically formed film and a cathode foil 5 
of an aluminum foil, which are rolled together into a 
roll with an insulative separator 6 interposed 
therebetween and fixed by a tape 26 . The capacitor 
element 2 includes a layer of an electrically conductive 
polymer provided therein. Examples of the electrically 
conductive polymer include poly thiophene , polypyrrole 
and polyaniline, but a polythiophene polymer is herein 
employed as the electrically conductive polymer by way 
of example. A pair of lead wires 21, 21 extend from the 
capacitor element 2 . 
[ 0 0 0 9 ] 

The solid electrolytic capacitor 1 is produced in 
the following manner. Since the anode foil 4 is prepared 
by cutting an aluminum sheet, end faces of the anode foil 
4 are formed with no dielectric oxide film. Therefore, 
the capacitor element 2 is subjected to an electrochemical 
process to form dielectric oxide films on the end faces 
of the anode foil 4. Thereafter, the capacitor element 
2 is thermally treated at 280° C for stabilization of the 
characteristic properties of the dielectric oxide films . 

Then, the capacitor element 2 is immersed in a 
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mixture solution containing ethyl alcohol as a diluent, 
3 , 4 -ethylenedioxythiophene , and a metal salt as an 
oxidizing agent, 
[0010] 

Thereafter, the electrically conductive polymer 
layer is formed in the capacitor element 2 by thermal 
polymerization at a temperature ranging from a room 
temperature to about 300° C, whereby the capacitor element 
2 is completed . In turn , the capacitor element 2 is sealed 
in a case 3, whereby the solid electrolytic capacitor 
1 is completed. 

This embodiment is characterized in that a metal 
alkoxy ( C n H 2 n+iO- ) benzenesulf onate and/or a metal 
alkyl ( C n H 2 n+i- ) sulfonate is employed as the oxidizing 
agent. An exemplary alkoxybenzenesulf onate to be 
employed is methoxybenzenesulf onate , and an exemplary 
alkylsulf onate to be employed is methanesulf onate . 
[0011] 

The inventor produced four types of capacitor 
elements 2 (20 capacitor elements 2 for each type) as 
Prior Art Example and Examples 1, 2, 3 by employing 
different oxidizing agents. The oxidizing agents 
employed in Prior Art Example and Examples 1 , 2 , 3 are 
shown in Table 1 . 
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Table 1 





Aciu moiety ot 
oxidizing agent 


Transition 
metal 


Prior Art Example 


( p- toluenesulf onic acid ) 


Iron( III ) 


Example 1 


( me thoxy benzene sulfonic acid ) 


Example 2 


(p-toluenesulf onic acid & 
me thane sulfonic acid ) 


Example 3 


( methoxybenzenesulf onic acid & 
methane sulfonic acid ) 



As shown in Table 1, the capacitor elements 2 of 
Prior Art Example were produced by employing iron(III) 
p-toluenesulf onate as the oxidizing agent . Further, the 
capacitor elements 2 of Example 1 were produced by 
employing iron(III) methoxybenzenesulf onate as the 
oxidizing agent. The capacitor elements 2 of Example 

2 were produced by employing iron (III) p- toluenesulf onate 
and iron (III) methanesulf onate in combination as the 
oxidizing agent. The capacitor elements 2 of Example 

3 were produced by employing iron(III) 

methoxybenzenesulf onate and iron(III) methanesulf onate 
in combination as the oxidizing agent. The capacitor 
elements 2 thus produced were each sealed in a case 3, 
whereby solid electrolytic capacitors 1 were produced. 
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In Prior Art Example and Examples 1, 2, 3, ethyl alcohol 
was employed as the solvent, and 

3 , 4-ethylenedioxythiophene was employed as the 
electrically conductive polymer. 
[0012] 

The capacitors 1 thus produced each had a rated 
voltage of 4V and a capacitance of 150jaF, and the cases 
3 of the capacitors each had an outer diameter of 6.3mm 
and a height of 6.0mm. 

The capacitances ("Cap" in units of \iF ) of the 
capacitors of Examples 1,2,3 and Prior Art Example were 
measured by applying a rated AC voltage at 120Hz. The 
equivalent series resistances ("ESR" in units of m£2 ) of 
the capacitors were measured by applying a rated AC voltage 
at 100kHz. The results of the measurement are shown in 
Table 2. The electrical characteristic values are each 
calculated as an average of measured values for 20 samples . 



Table 2 





Cap 


ESR 


Prior Art Example 


150 


20 


Example 1 


152 


15 


Example 2 


150 


16 


Example 3 


151 


15 
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As can be understood from Table 2, the capacitors 
including the capacitor elements 2 produced according 
to the present invention each had an improved ESR and 
were free from reduction in capacitance. 
[0013] 

The following is supposedly the reason for the 
improvement. An oxidizing agent solution containing a 
metal salt of an alkoxybenzenesulf onic acid (e.g., 
methoxybenzenesulf onic acid) as the oxidizing agent or 
an oxidizing agent solution containing a mixture of a 
metal salt of an alkylsulf onic acid (e.g., 
methanesulf onic acid) and a metal salt of an aromatic 
sulfonic acid as the oxidizing agent has a higher acidity 
than an oxidizing agent solution containing a metal salt 
of an aromatic sulfonic acid (e.g. , t oluenesulf onic acid) 
alone as the oxidizing agent. As a result, cations in 
the oxidizing agent are more easily incorporated as a 
dopant in the polymeric structure of the polymer, so that 
the efficiency of the polymerization for the electrically 
conductive polymer is increased. Therefore, it is 
supposed that the filling ratio of the electrically 
conductive polymer in the capacitor element 2 is 
increased . 
[0014] 

Examples of the alkoxybenzenesulf onic acid other 
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than methoxybenzenesulf onic acid include 
ethoxybenzene sulfonic acid and butoxybenzene sulfonic 
acid. Examples of the alkylsulf onic acid other than 
methanesulf onic acid include ethanesulf onic acid, 
propanesulf onic acid and but anesulf onic acid. In 
general, a capacitor element 2 produced by employing an 
acid having a higher molecular weight tends to have an 
improved heat resistance and heat stability and stable 
characteristic properties . 

Examples of the transition metal for the metal salt 
other than iron(III) include copper, chromium, cerium, 
manganese and zinc. 

In the embodiment described above, the capacitor 
element 2 has a roll structure including the anode foil 
4 and the cathode foil 5 rolled together. Alternatively, 
the capacitor element 2 may have a laminate structure 
including sintered sheets or plates of a valve metal. 
The valve metal herein means a metal naturally coated 
with its oxide, and examples thereof include aluminum, 
tantalum and niobium. The top opening of the case 3 may 
be closed by an epoxy resin. Further, the capacitor may 
be configured in a radial lead form. 

[0015] 
INDUSTRIAL APPLICABILITY 

In the production of the solid electrolytic 
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capacitor according to the present invention, a metal 
alkoxybenzenesulf onate and/or a metal alkylsulf onat e is 
employed as the oxidizing agent, whereby the ESR can be 
improved without reduction in the capacitance. 

This is because an oxidizing agent solution 
containing the metal alkoxybenzenesulf onate and/or the 
metal alkylsulf onate as the oxidizing agent has a higher 
acidity than an oxidizing agent solution containing a 
metal aromatic- sulfonate alone as the oxidizing agent. 
As a result , cations in the oxidizing agent are more easily 
incorporated as a dopant in the polymeric structure of 
the polymer, so that the efficiency of the polymerization 
for the electrically conductive polymer is increased. 
Therefore, it is supposed that the filling ratio of the 
electrically conductive polymer in the capacitor element 
2 is increased and hence the electrolyte layer is 
sufficiently densely and uniformly formed in the 
capacitor element 2 . 



